and transferred through trophic chains (Hylland, 2006; Vignet et al., 2014a Vignet et al., , 51 2014b. 52
6 of the four treatments. Quantification of hydroxylated metabolitesin larvae at15 days post 114 fertilisation (dpf) indicated a dose-dependent increase of metabolites 115 confirmingsuccessfulcontamination (total concentrations of hydroxylated metabolitesfor 116 each treatment: control = 9.1 ngg -1 of tissue; 0.3X = 20 ngg -1 ,1X = 72 ngg -1 ; 3X = 275 117 ngg -1 ; Vignet et al., 2014a) . Fish were fed with treated pellets from their first meal (5 dpf) 118 to the ages of 2 months for juveniles and 6 months for adults (Table 1) with size-adapted 119 food (≤ 125µm, 125-315µm, 315-500µm, ≥ 500µm) .In accordance with protocols 120 inVignet et al. (2014a) , larvae were fed ad libitum and then, starting from two months 121 old, the ration of food was 5 % to 2% of the biomass in each tank in order to maintain 122 constant growth. increase fish metabolism and assess AMR, each fish was transferred and chased with a 149 stick in a 1 ltank (Schurmann & Steffensen, 1997; Lefrançois & Claireaux, 2003; Jourdan-150 Pineau et al., 2010; Clark et al., 2012; Cannas et al., 2013 During this period fish were undisturbed and MO 2 was regularly and automatically 157 measured. From these oxygen measurements, SMR was estimated according to the 158 method described by Steffensen et al. (1994) . Briefly, the frequency distribution of MO 2 159 values recorded during the last 24 h of the test was plotted. This generally produces a 160 bimodal frequency distribution due to the routine activity of the fish. The higher mode 161 (the first peak) is considered to reflect SMR and the lower mode (the second peak) 162 corresponds to the routine metabolic rate (RMR), the energy required by the fish for 163 maintenance plus random activity. During all the experiments, oxygen concentration 164 wasnever lower than 75% oxygen saturation in each respirometer. 165
After the 48 h period of resting MO 2 measurements, fish were removed from 166 therespirometers and anesthetised using benzocaine (50 mg l -1 ). The length (standard and 167 total length) and mass of each individual were determined ( Statistical analysis was carried out using Graphpad Prism software. As the 186 conditions of normality (tested using the Kolmogorov-Smirnoff test) and 187 homoscedasticity (tested using the Bartlett test) of data were not met, a Kruskal-Wallis 188 non-parametric test was used to test forsignificant differences in metabolic rates among 189 treatments. If necessary, a Dunn post-hoc testwas applied to determine which treatments 190 differed significantly.Differences were considered to be significant when P < 0.05. 191
There were no significant differences in AMR, among treatments for either 192 juveniles or adults (P = 0.45 and P = 0.93 for juveniles and adults, respectively; Fig. 1A) . 193
Similarly there were no significant differences in SMRamong treatments for each life 194 stage (P = 0.23 and P = 0.74for juveniles and adults, respectively; Fig 1B) . 195 Therefore,ASalso did not differsignificantly among the treatments for juveniles (P = 0.59) 196 or adults (P = 0.89) (Fig. 1C) . 197 This is the first study assessing the aerobic metabolism of zebrafish chronically 198 exposed to a mixture of pyrolytic PAH. Under these experimental conditions and at the 199 two lifestages tested, trophic exposure to PY PAH did not affect SMR, AMR or AS of this 200 species. It is worth noting that these data for aerobic metabolism (Fig. 1B) There was no significant difference in SMR among the four treatments. Even 208 though the concentration of PAH and their metabolite compounds were not assessed in 209 juveniles and adults in this study, previous work has shown that these concentrations 210 tended to be proportional to the PAH content of the food received (Vignet et al., 2014a) . 211
These results suggest that even the highest level of contamination tested (three times the 212 average environmental concentration) was not sufficientlyextreme to induce significant 213 variation inSMR. Moreover, the lack of effect on SMR is contrary to the initial 214 hypothesis, which stated that an increase in SMR was expected because of supplementary 215 energy costs induced by PAH detoxification processes. Lannig et al. (2006) showed that 216 a 40-86% increase of SMRcanbe induced in oysters Crassostrea virginica (Gmelin 1791) 217 exposed to cadmium. This increaseappears to be mostly due to the elevated costs of 218 protein synthesis involved in detoxification or protective mechanismssuch as cellular 219 repair or expression of stress proteins. 220
In the previous study of Lucas et al. (2014a) , AMR ranged between 0.92 and 0.94 221 mg O 2 g -1 h -1 in juvenile and adult zebrafish. This is consistent with the current results for 222 adults, while a slightly higher AMR was measured in juveniles (Fig. 1A) . These results 223 suggest that D. Rerio would not have a reduced capacity to sustain oxygen-demanding 224 activities such as locomotion, digestion or growth (Claireaux & Lefrancois, 2007) . 225 However, Vignet et al. (2014a) found a PAH dose-dependent reduction in growth 226 despite the lack of effect of PAHon metabolism. This was probably mainly due to 227 alteration of digestive capacity. 228
Despite numerous studies on fishes exposed to petroleum,there is no clear 229 conclusionregarding effects on aerobic metabolism. In fact, some investigations on 230 12 persistent organic pollutants reported that fishes maintain their aerobic metabolism. The 231 lack of effect in the present study is for instance in accordance with Milinkovitch et al. 232 (2012) who observed no modification of SMR, AMR and ASin golden grey mullet Liza 233 aurata (Risso, 1810) after exposure to crude oil and dispersants. Nor did McKenzie et al. 234 (2007) find that organic pollutants affected metabolic rates of chub Leuciscus 235 cephalus(Linnaeus, 1758). In contrast, other studies havedemonstratedan increase (Hose 236 & Puffer, 1984; Correa & Garcia, 1990; Davison et al., 1992) or a decrease (Sharp et al., 237 1979; Serigstad & Adoff, 1985; Prasad, 1987; Davoodi & Claireaux, 2007; Christiansen 238 et al., 2010) ofASin fishes after petroleum exposure. However, fish contamination in 239 these studies occurred by an aqueous pathway (involving the water soluble fraction of 240 petroleum), which maycount for the contrasting results with the present study. Such 241 exposition may indeed have causedalterations to the gills epitheliumleading to reduced 242 oxygen diffusion into the blood (Claireaux et al., 2004; Davoodi & Claireaux, 243 2007) .Therefore, theconcentration and/or type of PAH tested in this present study did not 244 induce impairments in the mechanisms involved in metabolic regulation. 245 However, it is also worth noting that organisms which suffer long-term chronic 246 environmental stress can present physiological adaptations to maintain their homeostasis 247 (Barton, 2002) . Chronic exposure to PAH may have induced such adaptations in D. rerio. 248
This studyused the progeny of contaminated D. rerio (Lucas et al. 2014b) . Even though 249 no effects were observed on directly contaminatedparents, an increase of SMR was 250 observed in larval progeny of fish exposed to very high concentrations of PY PAH(the 3X 251 treatment, Lucas et al., 2014b) . In addition, cardiac performance, heart rate and mRNA 252 expression of genes encoding for cardiac activity were allmodified at the environmentally 253 Bustamante, P.,Luna-Acosta, A., Clemens, S., Cassi, R., Thomas-Guyon, H., Warnau, M. 281 (2012) . Bioaccumulation and metabolisation of 14C-pyrene by the Pacific oyster 282
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